Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; R factor = 0.038; wR factor = 0.101; data-to-parameter ratio = 13.8.
Related literature
For related literature, see: Blackstock et al. (1987) ; Deutsch (1972) ; Scribner & Miller (1965) ; Zimmerman et al. (1992) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). Fig. 1 shows the asymmetric unit of (I) with its numbering. Even simple bicyclo[2.2.2]octane systems often adopt a twist about the threefold axis, presumably to relieve eclipsing strain in their ethylene bridges (Deutsch, 1972; Blackstock et al., 1987; Zimmerman et al., 1992) . In (I) that strain is supplemented by more serious eclipsing and 1,3-diaxial interactions involving the substituents, so that all three bridges are significantly twisted. Fig. 1 illustrates the extent to which the C5-C6 ethylene bridge is clearly not parallel to the others; however, the appearance of parallelism in the C2-C3 and C7-C8 bridges is an artifact of the viewing angle. The torsion angles for the three bridges are: C1-C2-C3-C4 = 13.14 (12)°, C1-C6-C5-C4 = 13.14 (13)°, C1-C7-C8-C4 = 9.37 (13)°.
The benzoyl group has component parts that are only approximately coplanar [the dihedral angle for C3-C10-C11-O1 versus the aromatic ring = 24.60 (7)°], and is oriented so that the ketone C=O is aimed toward C2.
The carboxyl group is turned, with its C=O toward C3, so that the O2-C9-C2-C3 torsion angle is 18.76 (15)°. The dihedral angle between the ketone (C3-C10-C11-O1) and carboxyl group (C2-C9-O2-O3) is 79.80 (4)°. One may envision other possible conformations for the phenyl ring; however, because of steric hindrance, there is very little rotational freedom for the phenyl group here.
Although carboxyl dimers frequently display complete or partial averaging of C-O bond lengths and C-C-O angles due to disorder, no significant averaging is observed in (I), where these lengths and angles are similar to those in other highly ordered dimeric carboxyls. Fig. 2 shows the packing for (I), typical for racemic keto acids that are dimeric. Centrosymmetric dimers are centered at 1/2,1/2,1/2 in the chosen cell, with a second screw-related set centered on the a cell edge. No close intermolecular contacts were found within the 2.6 Å range we routinely survey for non-bonded C-H···O packing interactions.
USA, was hydrogenated under typical conditions (atmospheric pressure, room temperature, 5%Pd/C, EtOAc) and the isolated product used directly in a Friedel-Crafts acylation of benzene (AlCl 3 ). The cis keto acid initially obtained (mp 446 K) was epimerized by refluxing in excess aqueous KOH (Scribner & Miller, 1965) . The isolated trans product (I) was vacuum-distilled and crystallized from acetonitrile to give the crystal used, mp 444 K.
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The solid-state IR spectrum (KBr) of (I) has C=O absorptions at 1692 (acid) and 1677 cm -1 (ketone), normal for dimerized COOH and for a benzoyl group without H bonding but with significant coplanarity. In CHCl 3 solution these peaks appear at 1702 & 1679 cm -1 .
Refinement
All H atoms for (I) were found in electron density difference maps. The O-H was constrained to an idealized position with its distance fixed at 0.84 Å and U iso (H) = 1.5U eq (O). The methylene, methine and aromatic Hs were placed in geometrically idealized positions and constrained to ride on their parent C atoms with C-H distances of 0.99, 1.00 and 0.95 Å, respectively, and U iso (H) = 1.2U eq (C).
Figures Fig. 1 . The asymmetric unit with its numbering. Displacement ellipsoids are drawn at the 40% probability level. 
Special details
Experimental. crystal mounted on cryoloop using Paratone-N 
